Land-based vehicle activity can be clearly detected and tracked by underwater acoustic sensors Ioeated outside the surf zone.~is capability has been demonstrated with nearshore seismoacoustic data collected during the Marine Physical Laboratory's Adaptive Beach Monitoring (ABM) program, me purpose of this paper is to demonstrate how the sounds from these land vehicles can be used to perform inversions for the offshore geoacoustic properties, somewhat akin to the use of Vibroseis in geophysical exploration. me event of interest here is where four tracked vehicles traveled down the beach at a speed of 10 tisec, creating signal beam levels that exceeded background levels by 35 dB in the 30-70 Hz band. me signal-to-background noise ratio in single element spectra also is sufficiently high tha~these vehicles can be used as sources of opportunity. me datum for the inversions is the strong frequency dependence of the phase velocity of the arrivals in this frequency band. A simple environmental model of a homogeneous fluid layer over a homogeneous halfspace environment is used in the initial forward modeling.
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DATA PROCESSING
and WERSION As part of the Marine Physical Laboratory's Adaptive Beach Monitoring program, two near-surf-zone experiments, "ABM 95" and "ABM 96", were conducted on and off the beach at the Camp Pendleton Marine Base in Southern California. In each experiment, two 120-m-aperture hydrophore line arrays were deployed on the ocean bottom outside the surf zone. One array was oriented approximately parallel to the coastline (norttisouth or "NS" array) and the other approximately perpendicular to it (eastiwest or "EW" array). In WM 95, the arrays were 3.4 km offshore in 21 m water and in ABM 96, they were 1.5 km offshore in 12 m water. Military exercises at the base proceeded as usual during the experiments, including transits along the beach of tracked amphibious vehicles called "amtracks". The land vibrations generated by these vehicles couple into the underwater acoustic field and can be clearly discerned in the hydrophore array data from both experiments (1). Fig. 1 shows the white-noiseconstrained adaptive plane-wave beamforming output over the 30-70 Hz band as a function of time for a 10-rein period when four amtracks traversed downcoast along the beach in ABM 96. Signal beam levels exceed background levels by at least 25 dB during the entire period of the transit (except for the 1-rein gap starting 45 sec into Fig. 1 which was caused by the vehicles stopping briefly). The purpose of this paper is to present initial investigations into the use of these land vehicles as sources of opportunity for determining properties of the offshore underwater environment.
The results in Fig. I were obtained using only the data collected by the NS array oriented parallel to the coastline. However, to perform the plane-wave beamforming, a phase velocity at each frequency had to be assumed. The EW array, oriented perpendicular to the coastline, is best positioned to measure the evolution of the phase at each frequency as the vehicle energy propagates across the array aperture, thereby providing a direct measurement of phase velocity. In this paper, the data from both arrays are coherently combined to form 'a single 2D array. A 32-element array was created by selecting every fourth element from each of the two 64-element line arrays, with a resulting element spacing along each line of about 7.5 m. Frequency/wavenumber processing then was performed with a white-noise-constrained adaptive algorithm. Time series of 22 sec duration were extracted to provide 62 statistically independent snapshots for estimating the data cross-spectral matrix with frequency resolution of 1.46 Hz. The wavenumber resolution along each look direction was 0.00244 radm, and the look directions were increased in 10 increments from 0°(true north) to 179°(nearly true south). At each frequency and look direction, the wavenumber band corresponding to phase velocities from 1400 to 2400 m/s from the landward direction was extracted and that wavenumber corresponding to the bin within this phase velmity band with the maximum beamforming output was used to calculate the phase velocity of the vehicle sounds at this frequency.
Following this procedure, the phase velmity as a function of frequency curve for the 22-see period starting 5 min into the plot in Fig. I was calculated and is presented as the connected circles in Fig, 2 . Also plotted in Fig. 2 with "XII'S is the beamfoming output amplitude. Note the sharp roll-off in amplitude below 35 Hz. This time period was chosen because of the high signal level and broadband nature of the vehicle-generated sounds at this time as seen in the single-element spectrograms.
The look direction was set at 35°true since this represents the approximate center of the string of four amtracks at this time. This dispersion curve, which has the appearance of the lowest order mode in a homogeneous waveguide (and, from the amplitude, a cutoff frequency somewhere just below 35 Hz), provides the datum for the geoacoustic inversions.
In this initial investigation, a very simple environment composed of a homogeneous fluid layer over a homogeneous fluid halfspace is used in the forward modeling. Although the coupling of the land vibrations into the offshore underwater acoustic field is, by nature, a range dependent problem, a range independent model can & used here because the evolution of the acoustic field phase across the 2D array at each frequency depends only on the local properties at the array site and not on the coupling mechanism itself. Bottom bathymetry surveys conducted during ABM 96 showed that the bottom was only very gently sloping from the array site to within a few hundred meters of the surf zone. Therefore, as long as the predominant received vehicle-generated energy had coupled into the underwater acoustic field somewhere between the array and land, this inversion approach is valid.
The dispersion curve for the lowest order mode in a fluid layer over halfspace model with a given set of geoacoustic parameters is generated by solving for the roots of the characteristic equation; re Q. 4-78 of Ref. 2. Fig. 3 shows the effects of varying bottom compressional velocity, C (bottom), from 1600 ds to 2050 ds in 50 m/s increments, leaving all other parameters fixed. By matching predictions such as those in Fig. 3 with the data in Fig. 2 above 35 Hz (where the vehicle-generated energy is significantly above the background noise), effective geoacoustic parameter values can be obtained, For this case, they are H = 18 m, C(bot~om ) = 1900 tis, and p = 2.0 glee.
These inversion results are only preliminary. However, they do demonstrate how the land vehicle sounds can be used to determine properties of the offshore underwater environment. 
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